We report here initial results of the Deep Ecliptic Survey, an ongoing new search for Kuiper belt objects (KBOs) and Centaurs using the 8K Â 8K Mosaic CCD array on the 4 m Mayall Telescope at Kitt Peak National Observatory. Within the interval covered in this paper, useful observations were obtained during seven nights in 1998 October and November, 1999 April, and 2000 February. We used a novel technique to efficiently find and determine positions of moving objects. Sixty-nine KBOs and Centaurs with apparent magnitudes between 20.6 and approximately the 24th magnitude were discovered. Nine or 10 of the newly discovered KBOs appear to be in the 3 : 2 mean motion resonance with Neptune, and four appear to be scattered-disk objects. Three objects were found that may be in the 4 : 3 resonance. Sixty-two of the objects reported here have been observed on at least one additional night and have received designations. Our own follow-up astrometry was done primarily with the WIYN 3.5 m telescope in queue-scheduled mode and with the Steward Observatory 90 inch (2.3 m) telescope. Others, using a variety of telescopes, recovered a significant number of our objects. Although not a primary objective of the survey, positions of all main-belt asteroids, Trojan asteroids, and nearby fast-moving asteroids seen in our data also have been determined, and most have been reported to the Minor Planet Center. Through simulations and analysis of the existing KBO database, we have investigated the uncertainty to be expected in various KBO orbital parameters as a function of the extent of the astrometric coverage. The results indicate that the heliocentric distance of an object and the inclination of its orbit can be narrowly constrained with observations from a single apparition. Accurate determination of semimajor axis and eccentricity, on the other hand, requires astrometric data extending over additional apparitions. Based on the observed distribution of orbital inclinations in our sample, we have estimated the true distribution of orbital inclinations in the Kuiper belt and find it to be similar to that of the short-period comets. This result is consistent with the commonly held belief that the Kuiper belt is the source region of the short-period comets.
INTRODUCTION
The discovery of the Kuiper belt (Jewitt & Luu 1993 ) and the subsequent exploration of this region by a number of investigators have been among the most exciting developments in modern planetary astronomy. An enormous region of the solar system, previously thought by some to be essentially devoid of material, is now known to be populated by vast numbers of small and, perhaps, some not-so-small bodies orbiting the sun beyond Neptune. While only a minuscule fraction of the total population of Kuiper belt objects (KBOs) has been discovered, those KBOs we do know about display remarkable diversity in their physical characteristics (Barucci et al. 2000; Brown 2000; Davies et al. 2000; Tegler & Romanishin 1997) and have orbital properties that undoubtedly hold valuable clues to the dynamical evolution of the outer solar system (Holman & Wisdom 1993; Levison & Duncan 1997; Malhotra 1995) .
Early searches for KBOs apparently were motivated primarily by the theoretical work of several investigators, including Fernández (1980) and Duncan, Quinn, & Tremaine (1988) . These authors showed that the observed population of short-period comets could not have originated from the Oort cloud but required instead a source region more closely constrained to the plane of the ecliptic. Luu & Jewitt (1988) , Kowal (1989) , Levison & Duncan (1990) , and Cochran, Cochran, & Torbett (1991) , conducted searches using telescopes of modest aperture and either photographic plates or small-format CCDs. These searches were uniformly unsuccessful, primarily because their limiting magnitudes were too bright, their sky coverage too small, or both. Tyson et al. (1992) used a 1k Â 1k CCD on the 4 m Blanco Telescope at Cerro Tololo Inter-Ameri-can Observatory (CTIO) in a very limited but equally unsuccessful search. Undeterred by the initial lack of success, Jewitt & Luu continued searching with remarkable perseverance, sometimes with a 1K Â 1K CCD and other times with a 2K Â 2K CCD, on the University of Hawaii 2.2 m telescope. After devoting 4 years to this extended search and having covered 0.7 deg 2 of sky, they were rewarded with the first discovery of a KBO, 1992 QB 1 (Jewitt & Luu 1993) . Spurred on by the discovery of 1992 QB 1 , Jewitt & Luu, along with other investigators, intensified their search efforts. As is seen in Figure 1 , by 1997 the annual rate of discovery had grown to a high of 18. The following year, the Mosaic camera became operational at Kitt Peak National Observatory (Muller et al. 1998) . When used at the prime focus of the 4 m Mayall Telescope, it is possible with this large-format camera to image 0=6 Â 0=6 on the sky to approximately R = 24 mag (under good seeing conditions) with a single 5 minute exposure. Consequently, in two exposures with the Mosaic camera, one could image as much of the sky as was covered by Jewitt & Luu in the first 4 years of their search. In this paper, we describe the methods and initial results of a search for KBOs and Centaurs that we have begun at Kitt Peak National Observatory with Mosaic.
INSTRUMENTATION AND OBSERVATIONAL APPROACH

Camera
The Mosaic camera consists of eight edge-abutted 2048 Â 4096 thinned, antireflection-coated SITe CCDs with 15 lm pixels (Muller et al. 1998) . (Our first run in 1998 March occurred while engineering-grade, unthinned CCDs were in the camera, but because of poor weather only a very small amount of test data were obtained during that run.) Each pixel corresponds to 0>26 Â 0>26 on the sky. We used the atmospheric dispersion corrector (ADC) for all observations. While the image quality was generally uniform across the field, we did note significant and variable geometric distortions, perhaps introduced by the ADC, that required special consideration in order to derive accurate positions of the objects discovered.
Search Strategy
Different investigators have employed a variety of search strategies in the exploration of the Kuiper belt. Some (e.g., Jewitt, Luu, & Trujillo 1998 ) have sought to maximize sky coverage at the expense of accepting a brighter limiting magnitude. , Gladman et al. (1998) , Chiang & Brown (1999) , and Allen, Bernstein, & Malhotra (2001) , on the other hand, have conducted pencil-beam surveys in which a comparatively small area of the sky is searched to the faintest possible limiting magnitude. Both approaches have their merits and, to a degree, address overlapping objectives. For example, both are important to learning the cumulative sky density of KBOs as a function of apparent magnitude (the so-called luminosity function) and to understanding the size distribution and total mass of objects in the Kuiper belt. An important difference between the two approaches, however, is that objects found by the '' traditional '' search strategy are usually sufficiently bright that they can be recovered and their orbits eventually accurately determined, while objects discovered in the pencilbeam surveys are often so faint that follow-up astrometry is not practical. Furthermore, only through wide surveys will a significant sample of KBOs bright enough for diagnostic physical observations be found.
For the search discussed in this paper, we have adopted an essentially traditional strategy, but we have worked to hone that strategy with the aim of maximizing the rate of KBO discovery. Time on 4 m telescopes with large CCD arrays is extremely valuable. Consequently, we have developed procedures that require modest additional effort in preparing for an observing run and a substantially more astronomer-intensive approach to analyzing the resulting data in order to make the most effective use of the time at the telescope. That our approach produces a high rate of discovery is demonstrated by the results discussed in this paper. We believe it will contribute importantly to a much better defined picture of the dimensions of the Kuiper belt, the distribution of objects within the belt, and ultimately to a better understanding of the processes that have been important beyond Neptune over the age of the solar system.
Our survey is still very much a work in progress. As indicated below, our techniques have evolved over time, and we expect they will continue to be refined.
Choice of Exposure Time
When taking conventional stare-mode exposures, one usually chooses an exposure time in order to reach a certain limiting magnitude. With this mode, in searches for moving objects, a point of rapidly diminishing returns is reached. In particular, one gains nothing by exposing longer than it takes an object to move a significant fraction of the seeing disk. For objects near opposition in the main Kuiper belt, Earth's reflex motion is roughly 2 00 -3 00 hr À1 . If the seeing is 1 00 , one would not want to expose longer than about 10 minutes. On the other hand, if one's objective is to maximize the discovery rate, shorter exposures with the resulting greater sky coverage may be preferred. Another factor to consider is the Mosaic readout time, which at the time of 1991 1992 1993 1994 1995 1996 1997 1998 1999 our observations ranged from about 1 to nearly 2 1/2 minutes. We chose an exposure time of 300 s because such an exposure was long enough to detect KBOs throughout the classical Kuiper belt, while still ensuring that we spent most of the night collecting photons instead of reading out the CCD, as would have been the case with much shorter exposures.
Expected Limiting Magnitude
The Mosaic camera has a standard set of broadband filters, along with a '' white '' filter made of BK7 glass that transmits the entire optical spectrum. (The purpose of this filter is to permit full-spectrum imaging while maintaining the focus at a setting close to that of the other filters.) The exposure calculator on the KPNO Web site indicated that one could achieve a signal-to-noise ratio of 10 at a limiting R magnitude of 23.9 with a 300 s exposure assuming 1>1 seeing, an air mass of 1.2, and new Moon. Since the exposure calculator did not include an option for the white filter, we carried out our own calculation for a faint object of solar color and found that we should expect to achieve a signalto-noise ratio with the white filter that was more than twice that of the R filter (despite the bright night-sky OH emission features in the near-IR). Assuming a limiting magnitude of 23.9 in R, we calculated an expected limiting magnitude of 24.6 in the white filter. As will be seen later in the paper, this calculation appears to have been overly optimistic, but it nevertheless guided our choice of the white filter for our observations in 1998 and 1999. In 2000, a Sloan r 0 filter became available for use with the Mosaic camera, and we adopted it for our observations beginning in February of that year. This filter excludes most of the OH night-sky emission, while still maintaining a broad bandpass. The r 0 filter is more efficient than both the R and the white filters, though a VR filter similar to that used by Jewitt, Luu, & Chen (1996) would have been still better.
Selection of Search Fields
Selection of fields to be searched in this program was designed to maximize the rate of KBO discovery. Field centers for any given observing run were confined to within AE6=5 of the ecliptic and spanned a swath along the ecliptic initially of AE45 from the opposition point. Later the search window was narrowed to AE30 in ecliptic longitude. An edge-to-edge grid of fields was selected filling this zone, but fields containing stars brighter than 9.5 mag (as indicated in the PPM catalog) were rejected. Bright stars produce significant blooming on the image that substantially reduces the area of the chip where detection of faint objects is possible. Likewise, fields having fewer than 35 astrometric standards (from the USNO-A2.0 catalog) per CCD in the Mosaic array were also excluded. The geometric distortions across the Mosaic field, in our experience, require this number of astrometric standards to derive accurate coordinates for the KBOs discovered. This is particularly true for objects falling on the CCDs at the corners of the array. A star chart showing a typical distribution of fields meeting our requirements is shown in Figure 2 . Without exception, far more fields meeting our constraints were available than could be observed in a given two-night run. Selection of fields to actually be observed was done at the telescope in response to the particular circumstances of the night. All things being equal, we attempted to observe as many fields as possible near the opposition point, but, in order to fully use the night and restrict our observations to less than 2 air masses, it was necessary to include fields up to 2-3 hr east and west of opposition.
Sequence of Observations
For each field chosen for observation, in 1998 and 1999 we, like most earlier observers using a non-pencil-beam strategy (e.g., Irwin, Tremaine, & Ż ytkow 1995; Rousselot, Lombard, & Moreels 1999; Sheppard et al. 2000) , initially took three exposures separated at intervals of approximately 2 hr. Sometimes circumstances on a given night, such as the arrival of clouds, required departure from this scheme. In principle, two exposures are adequate for finding moving objects, but a third exposure can sometimes provide useful confirmation. However, over time we became convinced that only rarely was this confirmation essential to the positive discovery of a KBO, and beginning in 2000 we began taking only two exposures per search field. In either case, on each night 5 minute exposures were taken relentlessly throughout the night, resetting the telescope as rapidly as possible during readout of the CCDs.
On-chip binning was not initially available with the thinned CCDs used to acquire the data discussed in this paper. Consequently, in late 1998 and throughout 1999, slightly more than 2 minutes had to be devoted to readout of the CCDs following each exposure. By early 2000, onchip binning was implemented on the Mosaic camera reducing readout time to about 70 s. We used that feature during the 2000 February run.
Ordinarily the telescope can be set on the next field during readout of the CCD, giving an overall cycle time per exposure of roughly 6-7 minutes, depending on whether binning is being used. Hence, during 1998 and 1999 in a 10 hr clear night we could, in principle, cover 10 deg 2 visiting each field three times. In actual practice the best we achieved was 11.5 deg 2 on 1998 November 19, when our observations spanned a full 10.25 hr. However, on that night several fields were visited only twice, and one was visited only once. With the shorter readout time available in 2000 and the reduction to two exposures per search field, we were able to increase our sky coverage to 15.8 deg 2 during 10.5 hr on our best night, February 5.
Observations
The nights allocated for this program are listed in Table 1 . The 1998 November, 1999 April, and 2000 February runs offered the best conditions, but useful observations were also obtained during the 1998 October run. The 1998 March run was almost a total loss, and the one in 1999 March suffered both from poor seeing and clouds. Of the 13 nights allocated to the program through 2000 February, seeing and transparency were good enough to carry out useful observations for this program on seven nights, although some data were taken on all but one of the other nights.
Limiting Magnitude Achieved
We estimated the detection limit for each frame by calculating the total number of counts within a Gaussian pointspread function with a FWHM equal to the mean seeing of the image and a height equal to twice the standard deviation of the sky signal (2 ). The limiting source so defined was then treated the same as any object measured in the field No. 4, 2002 DEEP ECLIPTIC SURVEY. I.
using the same aperture and photometric zero point. Our magnitude scale was set by an average of the red magnitudes of all USNO-A2.0 catalog stars on each frame. We find that based on our observations obtained on 1999 April 17-18 that our 2 detection limit with the white filter is 23.9 AE 0.1 mag for a 300 s exposure, 1>2 seeing FWHM, and standard deviation of the sky per pixel of 25 DN. The gain of the Mosaic amplifier was 3 e À ADU À1 . This 2 detection limit is statistically meaningful for determination of false-positive detections. However, experience has shown that real 2 objects are readily detected at the 50% efficiency level. In observations aimed at recovery of previously discovered objects, where the approximate position of the moving object is known, images fainter than 2 still yield good astrometry, but photometry quickly becomes very uncertain.
DATA PROCESSING AND DETECTION TECHNIQUE
As mentioned above, our techniques for processing the vast amount of data collected were subject to considerable experimentation and evolved substantially over the interval discussed in this paper. Bias correction was done in the usual fashion, while both dome flats and sky flats were tried. In agreement with other Mosaic users, we found that twilight sky and dome flats were not adequate. Instead, a highquality flat-field frame was constructed for each night by median filtering 10-15 well-exposed bias-subtracted search frames of different fields obtained at relatively low air mass. In 1998 and 1999 we initially worked with the unbinned 8K Â 8K images but ultimately migrated to 2 Â 2 binning of the data prior to processing or analysis. Experiments showed that this approach did not decrease the KBO detection rate, and it greatly reduced the data processing and storage requirements. By the time of the 1999 April run our techniques had advanced to the point that binning, bias correction, and flattening of the data were accomplished '' on the fly '' at the telescope as data were being collected.
Most other investigators who have conducted large-scale KBO searches using the traditional approach have adopted a largely automatic process for detecting moving objects. Excellent examples of this approach have been described by Levison & Duncan (1990) , , and Rousselot et al. (1999) . In this approach three or more exposures spaced in time are taken of each search field on a given night. The digital images are then evaluated by sophisticated software to identify slowly moving objects that are then confirmed by direct inspection with classical blinking. This type of approach has the advantage that it is less labor intensive and may produce results that are more immune to subjective effects. However, automated methods of detection do produce a nonnegligible number of false detections that must be eliminated by direct inspection of the images, and more seriously, they may fail to detect real objects when the body is too close to a star or galaxy on one or more of the exposures. In the initial scrutiny of our early data we used solely an automatic detection algorithm. However, we were discouraged by the high false-positive rate and as a result augmented the automated approach with a novel direct inspection technique that had been developed earlier for recovery of asteroids. With this approach two images of a given field are displayed on a 24 bit color monitor, with the first of the two exposures projected in the red plane of the display and the second projected in the blue and green (cyan) planes. The two frames are registered (to the nearest pixel) so that stars and other fixed sources are superposed on the display and hence appear essentially white. Objects that are in different relative positions on the two frames, however, will be displaced on the computer display and will appear as red-cyan pairs of images (see Fig. 3 ). The colors quickly catch the eye, and the reality of the moving object can easily be confirmed by the classical blinking mode provided by the software. The software also permits the X-Y positions of the moving objects to be recorded by placing the cursor over each image and clicking. The positions are determined either by an automatic centroiding routine or, in the case of blended images or cosmic-ray contamination, by visual estimation of the position. In instances when a third exposure is available, the reality of the object can be unequivocally confirmed by carrying out the color comparison again, this time comparing the first and third exposures of the field being searched. The position of the object in the third image is then marked in the same fashion.
We found visual inspection of our data to be an efficient means of detecting moving objects. Scanning a given field and marking all moving objects seen-including main-belt, Trojan, and fast-moving asteroids-typically took only a few minutes. (Indeed, the search often began in the telescope control room as soon as the first pair of exposures of a given field had been completed and flattened. A number of the KBOs reported here were discovered at the telescope as observations were in progress.) To avoid, to the extent possible, overlooking moving objects, each field was first searched using the automated software and then independently scanned visually by at least two individuals on our team.
Extensive tests were undertaken of the effectiveness of our detection scheme as a function of moving-object magnitude. In these tests pairs of actual Mosaic exposures of search fields from the Mayall Telescope were '' salted '' with artificial KBO images having the same point-spread function as stellar images on those frames. The simulated KBOs were randomly placed on the frames, and their directions and rates of motion were also randomized within limits appropriate for objects in the Kuiper belt. Likewise, the magnitudes of the artificial images were adjusted to span a range 1999 HY 11 , 1999 HZ 11 , 1999 HA 12 , 1999 HR 11 , 1999 HS 11 , 1999 HT 11 , 1999 Much cirrus but usable 1999 HB 12 , 1999 HC 12 , 1999 HU 11 , 1999 HV 11 , 1999 HW 11 , 1999 HG 12 , 1999 HH 12 , 1999 Cirrus at sunset, clear at dawn from 2 mag above the limiting magnitude to 2 mag below that value. These salted frames were then searched in the same fashion as the '' real '' data using both software and the direct inspection method. The fraction of salted objects found during the examination of these frames is shown as a function of magnitude in Figure 4 . The limiting magnitude of these exposures as defined earlier is indicated by the '' relative magnitude = 0 '' point on the abscissa. Note that the technique was highly effective nearly to the limiting magnitude. Moreover, the outcome seemed largely independent of who was doing the visual searching (one of the participants in the test had little experience with the method). Although our automatic detection algorithm has subsequently been greatly refined, we have concluded that the extra effort of direct inspection is worthwhile for our survey given our goal of maximizing the rate of KBO discovery. With the automatic approach alone, one has effectively no chance of finding anything missed by the software, and, more importantly, it is only through adoption of the direct inspection approach that we are able to search effectively with just two exposures per field. With only two exposures per field, the false-positive rate with automatic detection techniques is very high. -Sample images of moving objects as they appear with the detection technique described in this paper. Stationary objects appear white in the color images, while moving objects are seen as red-cyan pairs. The two larger squares illustrate the appearance of relatively rapidly moving objects such as main-belt asteroids. The smaller squares show the appearance of 10 objects or possible objects moving at rates appropriate to the Kuiper belt. Objects such as 1999 HB 12 and 1999 BU 48 are relatively bright and easy to find. Objects such as 2000 CG 105 are fainter but still readily detectable. 1803970E and 18044608 are near the limit at which we can detect moving objects with certainty, while 18041208 is perhaps at or below that limit. Observant readers will have noted that MB 2436, while quite bright, is moving in the opposite direction. This object is one of several enigmatic objects detected in the survey that we do not as yet have the resources to follow up. 
Description of Astrometric Method
Once a moving object had been identified and its location measured, the positions next were converted from sky-plane X-Y coordinates to astrometric right ascension and declination. To establish the astrometric transformation, each CCD within the 8K Â 8K mosaic was treated separately. Not only are the field distortions on each quite different, but the relative distortions change with zenith distance, thus preventing a global solution that would require only a zeropoint shift or other low-order correction. As a consequence, the field covered by each CCD must include an adequate number of astrometric reference stars to permit a good solution. The Mosaic images have quite strong distortions and a cubic astrometric solution (this includes 10 terms in each axis: constant, x, y, r, x 2 , y 2 , x 3 , y 3 , xy 2 , x 2 y) is needed. As mentioned earlier, to ensure a well-constrained fit, we preselected our fields so that each CCD contained at least 35 reference stars from the USNO-A2.0 catalog. The typical residual in the astrometric solution was 0>25-0>5 per reference star. The overall quality of the astrometric solution was completely dominated by catalog and proper-motion errors.
Photometric Calibration of the Frames
An instrumental magnitude for all objects on each CCD frame was determined with synthetic aperture photometry as described by Buie & Bus (1992) . This approach provides quite good differential instrumental magnitudes for all objects in the frame, within, of course, the limits imposed by signal-to-noise considerations. We then used the red magnitudes of the astrometric reference stars from the USNO-A2.0 catalog to derive an average zero-point correction between our instrumental magnitudes and the catalog's red magnitudes. The photometric quality of the USNO catalog is known to suffer nonnegligible zonal errors. B. Skiff (2001, private communication) has compared the A2.0 magnitudes against numerous deep photometric sequences in the literature. For regions north of À17 declination, which includes all of the fields discussed in this paper, he found in the case of stars fainter than 16th magnitude the A2.0 red magnitudes ordinarily to be within AE0.3 mag of the Cousins R magnitudes with occasional discrepancies as large as AE0.5 mag.
Additional uncertainty springs from the fact that the filters used in our search were chosen to maximize the signalto-noise ratio and not to match any standard photometric system. We have investigated these effects using Mosaic exposures of the standard area in Hercules discussed by Majewski et al. (1994) . These authors have determined accurate UBVRI magnitudes and color indexes for 13 stars in this area between R = 16.4 and R = 21.4 mag with VÀR ranging from 0.30-0.99 mag. We observed this field through the '' white '' and Sloan r 0 filters on a number of occasions. Magnitudes were derived for the standard stars by the same approach as for the KBOs-namely, the Buie & Bus algorithm was used to derive instrumental magnitudes and a zero-point correction was applied based on USNO A2.0 stars in the field. In the case of the r 0 filter, the difference between the magnitudes we derived and the standard R magnitudes quoted by Majewski et al. was less than AE0.08 mag across the entire magnitude and color range of the 13 standards. In the case of observations of the standard field through the white filter, the magnitudes we derived were in almost all instances within AE0.3 mag of the Majewski et al. values . Furthermore, over the color range of VÀR from +0.4 to +0.8 typical of KBOs, we saw no evidence of a significant color dependence in the derived magnitudes except, perhaps, at the very red end of the sequence.
In summary, we are convinced that the magnitudes quoted in Table 3 are ordinarily accurate to a few tenths of a magnitude. These values are therefore sufficiently accurate for their intended purpose of guiding future astrometric or physical measurements. Buie has undertaken a program with the robotic 31 inch (0.8 m) telescope at Lowell Observatory to establish accurate secondary photometric standards within each of our search fields. When this has been accomplished, we will be able to derive significantly more accurate photometry from our existing data and we will be able to consider issues such as the KBO luminosity function. In the meantime, we note that none of the results of this paper are dependent in any way on the magnitudes quoted in Table 2 .
RECOVERY OF OBJECTS DISCOVERED AND ORBIT DETERMINATION
While a survey that simply discovers KBOs can provide statistically useful information, a much greater scientific return is realized if appropriately spaced astrometric measurements are subsequently made for each new object. At least one such follow-up measurement is required to secure an '' official '' designation from the Minor Planet Center (MPC), but more importantly, additional astrometry is essential over an extended period if the orbits are to be sufficiently refined to allow dynamical studies of the belt and assured recovery of the objects in future apparitions. Moreover, without accurate ephemerides, physical studies with large telescopes of newly discovered KBOs are either not possible or are very inefficient.
Recovery Strategy
Because KBOs move so slowly across the sky, recovery observations, unless delayed by months, do not require the wide field of view of the Mosaic camera. Accordingly, when possible, we attempted recovery of the objects discovered in this search initially with the NFIM 2K Â 2K CCD camera on the WIYN 3.5 m telescope and subsequently with the 4K Â 4K MiniMosaic camera that became available on that telescope in 2000. These observations were obtained by NOAO staff members during queue-scheduled time on the telescope. Our program was well suited to this operational mode because the observations were not particularly timecritical, could be taken any time during the night (provided the object was not at too high an air mass), and required only two or three brief exposures per object. Of the 69 KBOs and Centaurs discovered in this program, 28 were recovered during queue-mode observations at the WIYN Telescope, 21 objects (including one independently recovered at the WIYN Telescope) were recovered by M. Holman and colleagues using the 2.6 m Nordic Optical Telescope at La Palma, one was recovered with the Isaac Newton Telescope-also on La Palma-by E. Fletcher and A. Fitzsimmons. Of the remaining objects, four were recovered at the Mayall Telescope in the normal course of our observing have not yet been recovered, because of lack of telescope time to secure the follow-up exposures in a timely manner. We are as convinced of the reality of these seven as yet unrecovered objects as we are of those bearing MPC designations, but because of the passage of time, they are now likely lost.
Orbit Determination
In predicting the positions of KBOs discovered in our survey for purposes of recovery, we calculated preliminary orbits using the method of Väisälä (1939) . In this technique, it is assumed that the motion of the object is entirely tangential (i.e., the object is at perihelion or aphelion), and by further assuming the geocentric distance of the object, one can attempt to compute an orbit. At some assumed distances an orbit will be found; at others no orbit is possible. In practice, a series of candidate Väisälä orbits was computed over a range in geocentric distance from 0.1-150 AU for each slow-moving object discovered. Any object for which a potential main-belt orbit was found was removed from further analysis and review. Aphelic orbits likewise were discarded. Of those that remained, all objects had possible candidate orbits over two, and sometimes three, distinct ranges of geocentric distance. The first range was always interior to the main belt and those orbits had very small inclinations. This family represents a class of '' Earth-chasing '' objects moving in such a way that their orbital motion nearly matches the motion of Earth. The second range was in the '' proper '' range for prograde Centaurs and KBOs. This family usually covered the full range of eccentricities. The third group had retrograde orbits with very large semimajor axes. The first and third groups of candidate orbits were considered to be extremely unlikely compared with the second group comprising '' normal '' KBO/Centaur orbits and were discarded.
The candidate KBO-like and Centaur-like orbits in the second group spanned a large range in orbital parameter space. Ordinarily, we did not have sufficient observational coverage to permit a statistical selection from among the possibilities (e.g., by minimizing residuals). Instead, we adopted the step-by-step approach described below.
If the candidate orbits indicated a possibility of an orbit in or near the 3 : 2 mean motion resonance with Neptune at a = 39.4 AU, we searched for the existence of an allowed orbit in the resonance in which the object would avoid Neptune by at least 13 AU over the past 15,000 yr. If such an orbit was found, it was selected as the best initial provisional orbit for the object and the object was tentatively designated as resonant.
Selection of provisional orbits for the nonresonant objects was necessarily more arbitrary. For the nonresonant KBOs, investigators, including those at the MPC, have often assumed an eccentricity near zero. However, when one projects the future position of an object with an uncertain orbit, the circular-orbit solution always places the object at the edge of the cloud representing the full range of possible future positions. We were concerned that this procedure would introduce a bias against successful recovery of objects actually in orbits of higher eccentricity. Accordingly, we have selected instead the orbit that predicts a future position in the middle of the possibilities. Typically, our approach yields an orbit with eccentricity between 0.2 and 0.4. In our judgment, this strategy works equally well for all types of objects (classical KBOs, Centaurs, and scattereddisk objects) and minimizes recovery biases.
Experience showed that this approach was effective in maximizing the likelihood of recovery. In no case was the object being sought outside the 6<7 Â 6<7 field of view of the NFIM camera on WIYN within a 2-3 month period following discovery, even when the prediction was based on only a 2 hr arc. The WIYN frames were transmitted to Lowell Observatory and the moving objects located just as with the Mosaic data. Positions also were calculated in the usual way. In the case of objects recovered by other investigators, those individuals sometimes identified the moving objects and determined their positions independently. In either instance, the resulting coordinates were promptly transmitted to the Minor Planet Center.
Once positions of an object were available from two nights, we calculated a new Väisälä orbit using the first and last observations. In this instance, however, the residuals in the fit of the orbit to the other observations provided some guidance in selecting the preferred orbit. In cases where an object was observed during three successive lunations, the minimum in the rms residuals was ordinarily well determined and the choice of the preferred Väisälä orbit was clear-cut.
In an effort to understand the uncertainties in the orbital elements determined by this technique, we conducted a relatively extensive simulation. In this simulation, orbital elements for hypothetical KBOs were randomly chosen to approximately match the range and distribution of values displayed by known Kuiper belt objects. Then, for a particular date and observing site, we determined whether a given hypothetical object was visible within our usual observing window constraints. If so, the positions of the object at two Note.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
times on that date separated by an interval between 1.5 and 2.25 hr were computed and converted to '' observed '' positions by adding random noise to the positions with standard deviation of 0>25. This process was repeated until pairs of observations for 400 hypothetical objects were in hand. Väi-sälä orbits based on the pseudo-observations were then computed for each object using the same recipe as described earlier except that special attention was not given to potentially resonant orbits. The orbital elements and computed heliocentric distance at the time of discovery resulting from the analysis of the simulated data were then compared with the corresponding values for the actual orbits. This process was repeated for three additional pseudo-data sets: one including a pair of '' observations '' on the discovery night plus a pair 30 days later, one including pairs from the discovery night, 30 days later, and 60 days from discovery, and one including the first three pairs plus an additional pair of data points taken 1 year from the discovery night. In the last of these cases, we allowed aphelic orbit solutions in instances where they yielded smaller residuals. Because a significant number of the hypothetical KBOs were in fact near aphelion, failure to do so would have resulted in a large increase in the '' errors '' for the 1 year case compared with the 60 day case.
The results of the simulation are illustrated in Figure 5 . In the top row, the absolute value of the '' error '' in the heliocentric distance of the object at the time of discovery resulting from our analysis of the pseudo data is plotted as a function of the true heliocentric distance for each of the four cases studied. On the next row is a similar display of the '' error '' in the inclination plotted as a function of the actual inclination and the following two rows give similar information for semimajor axis and eccentricity, respectively.
For our purposes, three important results are apparent in this figure: (1) The heliocentric distance of a KBO is determined to within a few AU even on the basis of only a pair of observations on a single night. If an object is observed during three successive lunations, that error is ordinarily no more than 2 AU. (2) The error in the inclination of an object is rapidly reduced as the object is observed in successive lunations becoming less than 2 for almost all objects with two months of coverage and less than 1 once an object is recovered in the second apparition. (3) The semimajor axis and eccentricity of KBOs are often poorly determined even after recovery in a second apparition.
While we used the Väisälä approach to predict the positions of our objects for recovery, a more sophisticated method of calculating orbits from short observational arcs recently has been published by Bernstein & Khushalani (2000) . Figure 6 shows the results of the same simulation illustrated in Figure 5 , except this time the Bernstein & Khushalani method was used instead of Väisälä's. It is immediately apparent that the Bernstein & Khushalani method yields a significantly better determination of r and i, and is also superior to the Väisälä approach in estimating a and e.
The trends indicated by our simulations are confirmed by an analysis of the existing database for actual KBOs. In particular, we have taken all available positional measurements from the MPC database for the 61 KBOs for which at least a 2 year span of observational data was available as of 2000 December 22. We then used the method of Bernstein & Khushalani (2000) to compute an orbit for each object using initially the data from the discovery night. Then new orbits were computed each time observations from an additional night were available up to 90 days from the discovery. The orbital parameters (i, a, and e) resulting from each orbit solution were then compared with those from the most current orbit given for the object in the data file maintained by E. Bowell at Lowell Observatory (Bowell, Muinonen, & Wasserman 1994 3 ) based on the full data set covering two apparitions. The differences between the orbital elements computed with the Bernstein & Khushalani (2000) method and those listed in the Bowell database are plotted as a function of time since discovery in Figure 7 . Once again, we see the accuracy of the inclination determination improves rapidly over the interval plotted, while the semimajor axis and eccentricity improve more slowly.
Having explored the uncertainty in heliocentric distances and orbital elements determined from observations within a single apparition, we next ask how well the Bernstein technique predicts the location of an object in the apparition following discovery. Figure 8 shows the error in the predicted location of an object 1 year after discovery for the three simulated cases we studied (2 hr arc, 30 day arc, and 60 day arc). Note that when based on observations from a single night, the Bernstein & Khushalani (2000) approach, not surprisingly, does a comparatively poor job in predicting the object's location 1 year later. But with observations in three successive lunations, this technique predicts the future position of almost all KBOs to within one Mosaic field (AE18 0 ). Even in instances when one has observations from only one night, recovery of the object in the next apparition is far from hopeless for slow-moving distant objects like KBOs. In Figure 9 , we have forced a large number of hypothetical KBOs having the distribution of orbital parameters used in our earlier simulations to all fall within 30 00 of a particular point in the sky (cross) at a particular time. This task was accomplished by selecting KBO-like orbits, as in our earlier simulations, and adjusting the mean anomaly of individual orbits at will. Objects with orbits that could not be adjusted in this way to pass within 30 00 of the point were discarded. Also plotted in the figure are the locations of these objects 1 year later and a box the size of a Mosaic frame. It is seen in the figure that most of the KBOs after 1 year of motion are clustered in a relatively tight band. Consequently, even with a totally naive approach that makes no effort to estimate a particular object's orbit, one has high probability of recovering the object with two or three Mosaic exposures.
6. RESULTS
The Objects Discovered
The 69 Kuiper belt objects and Centaurs discovered in this search are listed in Table 2 . The objects' designations are listed in column (1) in the following order: the one KBO from our survey that has received a permanent number (19521), 4 followed by objects with provisional MPC designations (in the order those designations were assigned), followed by the seven objects that have not yet received MPC designations. In the case of this latter group, the designations listed are our initial in-house designations. The year, month, and day of the discovery observation and the right ascension and declination of the object at the time of discovery are listed next. The apparent magnitude is given in the next column. As discussed earlier, these numbers are uncertain by a few tenths of a magnitude except in the case of 19521, for which an accurate R magnitude was measured at the Perkins Telescope. No useful estimate of the brightness of 1998 UU 43 was possible from our data because of blending with a nearby stellar image. The value listed in the table is based on subsequent observations by others corrected to the date and time of discovery. The telescopes used for the recovery observations are listed in the next to last column, followed by the identification of the Minor Planet Electronic Circular (MPEC) in which the discovery of each object that has received a designation was announced. The elements listed and their associated uncertainties have been computed by different individuals using different procedures. The first line for a particular object gives elements we have computed with the method of Bernstein & Khushalani (2000) , but modified to give heliocentric elements and errors rather than the barycentric values produced by the algorithm provided by those authors. The second line lists the elements by Bowell et al. (1994) , 5 and the third line contains the elements posted on the Minor Planet Center Web site on that date. The Bowell and the MPC elements are also heliocentric. The MPC Web site does not quote uncertainties, and the Bowell site does so for only some of the objects. Whenever orbital information was required to calculate other parameters listed in Table 3 , we have used the orbit based on the Bernstein & Khushalani (2000) method.
Orbital Elements and Uncertainties
The first column of Table 3 identifies the objects in the same order and style as in Table 2 . Absolute magnitudes are listed in the second column of the table. These values are based on the relevant data given in Tables 2 and 3 . Next, we have indicated the total number of observations of each object in the MPC database (available by subscription) as of 2001 January 20 and the length of the interval spanned by those observations in days. Our assessment of the dynamical type of the objects is listed in column (5). If no entry appears in this column, the object's orbit is still too uncertain to permit determination of a type. The rms residuals of the astrometric data with respect to the Bernstein & Khushalani (2000) orbit is listed in column (6). Columns (7) and (8) contain the calculated heliocentric distance of the object at the time of discovery and its perihelion distance along with the calculated uncertainties in these parameters. The next six columns give the orbital elements and their 1 uncertainties when available.
An examination of Table 3 quickly reveals that in the cases of objects with observational arcs sampling two or more apparitions, the orbital parameters listed by the Minor Planet Center and by Bowell usually agree well with each other and with the values we have calculated. There are, however, exceptions, such as 1999 HW 11 and 1999 HC 12 , for which the MPC orbits differs substantially from those of this paper and from Bowell's. In cases where the arc length is only a few tens of days, a greater dispersion in orbital elements among the three different sources is apparent and the quoted estimates of the uncertainties in these elements become similarly discrepant. We have shown the three sets of independently calculated orbital elements for a number of reasons. First, many investigators, including the authors of this paper, in speaking and writing about Kuiper belt objects have sometimes failed to appreciate fully the uncertainties in the short-arc orbits available for most KBOs. Too often, the values available from the Minor Planet Center or at the Lowell Observatory Web site have been taken at face value and invested with a degree of certainty far greater than the creators of those databases likely intended. Secondly, we chose to calculate our own orbits by the Bernstein & Khushalani (2000) method because that method allows calculation of uncertainties for all orbital elements in a uniform fashion regardless of arc length. In drawing general conclusions about the Kuiper belt from our sample of newly discovered KBOs, we feel that consideration of the uncertainties is essential. We have adopted the Bernstein & Khushalani (2000) error bars in the subsequent discussion portions of this paper and we have plotted them in Figures 10-12 . Such error bars have been absent from many previously published papers in this (2000) formalism because the orbits could be calculated in a straightforward way that would be transparent to and, in principle, repeatable by the reader. The Väisälä approach and the other methods often require assumptions and choices in order to permit calculation and selection of an orbit. Those assumptions and choices, we suspect, have inadvertently shaped our current perceptions of the Kuiper belt in ways that may not be correct. and 280 is due to the intersection of the ecliptic plane with the Milky Way. In these regions, the sky is too crowded with stars for efficient KBO searching.
Even a casual inspection of Figure 10 reveals the fraction of objects discovered near the orbit of Neptune was substantially larger in our 1998 runs than was the case in the 1999 and 2000 runs. All other things being equal, the closer objects are easier to find than the more distant ones because they are on average brighter. Consequently, some explanation for this characteristic of Figure 10 is needed.
We know that objects found near Neptune's orbit are likely to be in a mean motion resonance with that planet. Otherwise, they would be quickly removed by gravitational interaction with the giant planet (see, e.g., Yu & Tremaine 1999) . KBOs in this type of resonance are protected from 
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Argument of Perihelion p (AU) such a fate because when they approach or cross Neptune's orbit, they do so only when Neptune is at a substantially different orbital longitude. Objects in the 3 : 2 mean motion resonance, which are the most numerous of the resonant KBOs, come to perihelion in longitude zones centered AE90
from Neptune and reach aphelion in zones centered on the longitude of Neptune or 180 from that point (Cohen & Hubbard 1965) . In Figure 10 , we see that the 2000 February observations sampled a longitude zone more or less in the opposite direction from Neptune in the sky. Consequently, KBOs in the 3 : 2 resonance would be expected to be near aphelion in this region, and the absence of objects near the orbit of Neptune is not surprising. The observations from 1998 and 1999, on the other hand, are located on opposite sides of the Sun-Neptune line and in the regions where the resonant KBOs come to perihelion. The substantial differ- ence in the relative frequency of close-in objects within these two zones therefore seems surprising. However, with our current sample sizes in the two longitude zones, the Kolmogorov-Smirnov (K-S) test (see Press et al. 1988, p. 623) indicates that the apparent difference in the distance-atdiscovery distributions is not statistically significant.
The differences in the three groups of data are illustrated in another way in Figures 11 and 12 . Here the inclination and eccentricity, respectively, are plotted as a function of semimajor axis for those objects in Table 3 for which the uncertainty in semimajor axis is less than 10 AU. The same symbols as in Figure 10 are used to distinguish objects from the different years. For any point not showing an error bar, the 1 uncertainty is less than the size of the point. Note that in the 1998 data roughly half of the objects discovered were in or near the 3 : 2 resonance, while only one such object was found among the objects discovered in April of 1999. Here again, however, the K-S test does not establish that the perceived difference in the two semimajor axis distributions is statistically significant. However, we will continue to watch for such an effect as our data set grows.
Another interesting characteristic of Figures 11 and 12 is that objects with semimajor axes between 41 and approximately 46 AU tend to have significantly smaller inclinations and eccentricities than KBOs found inside and outside this interval. This phenomenon has been noted before (e.g., Jewitt 1999; . However, those authors used orbital information from the Minor Planet Center, which did not include uncertainty estimates and sometimes was based on assumed values of semimajor axis or eccentricity. The point here is to show that these differences in the orbital characteristics of different classes of KBOs are statistically highly significant. We list in Table 4 the values of the K-S statistic D and the associated significance level for the comparisons mentioned above. If the inclination and eccentricity distributions were actually identical in all three semimajor axis bins, we would expect a value of D near 0.0. In fact, we find substantially larger values for this statistic. Moreover, the associated significance levels indicate that the probability of finding these high values by chance is less than 1%. We conclude that the existence of a class of '' classical '' KBOs in low-inclination, low-eccentricity, nonresonant orbits with semimajor axes between 41 and 46 AU is well established. Inside this zone, the resonant objects are expected to have had their inclinations and eccentricities increased by the very interactions that capture and maintain them in the resonances (e.g., Malhotra 1995). Our results are consistent with all KBOs in our data set with semimajor axes between 30 and 41 AU falling in either the 3 : 2 or 4 : 3 mean motion resonance. Beyond a semimajor axis of approximately 46 AU, we find members of the scattered disk and a couple of objects that could be in the 2 : 1 mean motion resonance. Here again, larger values of inclination and eccentricity are expected to be common because of the gravitational interaction of these objects with Neptune.
Other Interesting Objects
Several other dynamically interesting objects are found in Table 3 . For example, 1998 UU 43 falls very close to the 4 : 3 mean motion resonance with Neptune (see Fig. 12 ). Based on the orbital elements listed in Table 3 for this object, we find that 1998 UU 43 will stay at least 11.5 AU from Neptune over the next 15,000 yr. 1998 WZ 24 and 2000 QY 104 may be similar objects. Both were near Neptune's orbit when discovered, and orbits based on the Bernstein & Khushalani (2000) formalism indicate that neither object is in the 3 : 2 Fig. 11. -Inclination vs. semimajor axis for all objects discovered in the present investigation having uncertainties in semimajor axis less than 10 AU and which have received provisional MPC designations. Different symbols denote discoveries from different years as in Fig. 10 . resonance. Neither do they appear to be scattered-disk objects. Four of the objects in Table 3 have orbits characteristic of the scattered disk. 2000 CR 105 is one such object. E. Bowell and B. G. Marsden calculate orbits with semimajor axes of 700-800 AU. The Bernstein & Khushalani (2000) approach gives a much smaller semimajor axis, but even so, this object is clearly in a highly eccentric orbit that takes it far beyond the classical belt. Very recently, Gladman et al. (2001) have shown that this object has a perihelion distance no less than 44 AU. These authors discuss a number of interesting scenarios whereby an object could be placed in such an orbit. 2000 CQ 105 , 1999 HB 12 , and 1999 Table 3 ) also are in orbits that take them well beyond a distance of 50 AU.
One object found in our survey, 1999 HD 12 , is definitely a Centaur. Discovered at a distance of 13 AU from the Sun, 1999 HD 12 , according to the Bernstein & Khushalani (2000) orbit, stays well inside Neptune's orbit. The Bowell and MPC orbits indicate a much more elongated orbit, but the uncertainties associated with the Bowell orbit (and presumably with the MPC orbit) are very large. Another of our objects, 2000 CO 104 , also is very likely a Centaur. Its heliocentric distance at discovery was 21 AU. The three independently calculated orbits for this object in Table 3 give semimajor axes in the range from 17-22 AU, but these values and the object's eccentricity are quite uncertain.
Finally, we note that 1998 WW 31 , discovered early in this survey, has recently been found to be a binary (Veillet 2001) .
Inclination Distribution of the Kuiper Belt
In order to investigate the inclination distribution of the KBOs in our discovery sample, we removed the observational bias that arises from the fact that KBOs with significant inclinations spend more time at an ecliptic latitudes near their inclination than they do near the ecliptic equator. Since our sample is small and our intention was to compare the KBO inclination distribution with that of the shortperiod comets, we considered all dynamical classes as a single group. Selected for this analysis were those KBOs discovered in our survey that were observed at least four times over an interval of at least 20 days and had a formal error in the inclination determination of no more than 3=0. Fortynine of the 67 KBOs listed in Table 3 satisfy these criteria.
We then used a simple model, based on circular orbits and an assumed heliocentric reference point for the observations, to remove the observational bias for discovering more KBOs with small inclinations near the ecliptic. Denoting the ecliptic latitude by (À90
90
) and the inclination of a KBO orbit by i (0 i 180 ), we want to find the probability density function, p(i), for the inclinations of the KBOs in our sample. We denote by p(, i) the probability density for finding a KBO of orbital inclination i when searching at an ecliptic latitude , and we define k as a normalization constant. Then the probability density p(, i) is given by
We used equation (1) to weight each of our search fields for a set of inclination intervals: 1 intervals between 0 and 4 , 2 intervals between 4 and 10 , two 5 intervals between 10 and 20 , and a single 15 interval between 20 and 35 . We then combined these weights with the number of KBOs that we discovered divided by the area searched in each of these inclination intervals to find the unbiased KBO density for each interval. Implicit in this procedure is the assumption that the inclinations of the KBOs are independent of orbital longitude and magnitude. These results are displayed in Figure 13 , along with the inclination distribution of comets with periods less than 200 yr (solid histogram) and the sin i distribution expected for random orbits (alternating dots and dashes). The ordinate for these distributions is normalized to be the fraction of the population per degree of orbital inclination.
The error bars on our derived distribution for the orbital inclinations are large because of the small number of objects in the sample, but we can draw some conclusions from Figure 13. Our first conclusion is that the KBO population has an inclination distribution much more similar to that of the short-period comets than would be expected for orbits with a random distribution of inclinations. We also conclude that the lowest inclination interval (0 -1 ) contains a smaller number of KBOs than its next neighbor (1 -2 ). This result . For reference, the inclination distribution of comets with periods less than 200 yr is shown by the solid histogram. Also for reference, we have plotted with alternating dots and dashes the sin i distribution that would be expected from a distribution of orbits with poles in random directions. The dashed curve represents the inclination distribution derived by Brown (2001). agrees with the expectation that for some small interval of inclinations near zero, the inclination distribution must converge to a random distribution of inclinations [i.e., p(i) / sin i, which increases linearly from zero at 0 inclination].
7. DISCUSSION
Comparison with Other Surveys
A number of searches for Kuiper belt objects have been conducted by others. Notable among these are the early surveys by Jewitt & Luu (1995) and Jewitt et al. (1996 . The first two of these were conducted with small-format CCDs on 2 m class telescopes and covered only a few square degrees. The third survey was conducted with a detector comparable in format to Mosaic on the University of Hawaii 2.2 m telescope and reached a limiting magnitude of 22.5. A major thrust of these papers was determination and refinement of the KBO luminosity function. For reasons given earlier, we do not treat that aspect of our data in this paper. Similarly, a comparison of results such as those conveyed in Figures 11 and 12 is difficult because methods for estimating the uncertainties in the orbital elements of KBOs had not been devised at the time of these earlier papers. For example, the plot of '' e '' versus '' a '' shown by , we believe, is strongly affected by the assumptions being made at the time by the Minor Planet Center in determining KBO orbits. As a consequence, early studies tended to show a higher proportion of objects in the 3 : 2 resonance than we do, while objects at greater distances often were assumed to be in circular orbits.
Our survey can most meaningfully be compared with the recent survey of Trujillo, Jewitt, and Luu (Trujillo 2000; Trujillo, Jewitt, & Luu 2001) conducted primarily with an 8K Â 12 K CCD on the 3.6 m Canada-France-Hawaii Telescope. This well-designed and carefully controlled survey covered 76 deg 2 to a limiting magnitude of 23.7 R mag and resulted in the discovery of 86 KBOs. Data were taken only on photometric nights, and the resulting magnitudes were carefully tied to Landolt standards. These authors adopted orbits determined by the Minor Planet Center or by D. Tholen. Again, no assessment of the error bars on the orbital elements was available. However, this survey yields a relative fraction of objects in the 3 : 2 resonance more similar to our results than did , but many of the presumably classical KBOs in the study again were assumed to be in circular orbits (Trujillo et al. 2001) . Figure 14 compares the distribution of KBOs as a function of distance at the time of discovery for the Trujillo et al. (2001) survey with that found in our investigation. At first glance, one notes that while both distributions peak at the 43 AU bin, our investigation found a higher percentage of objects at larger distances and we discovered KBOs at Fig. 14. -Number of KBOs as a function of heliocentric distance found in this survey and in the survey by Trujillo et al. (2001) greater distances than did Trujillo et al. The Trujillo et al. distribution places 24 out of 87 KBOs in bins to the right of the peak, while the distribution from our survey has 23 out of 67 KBOs at these greater distances. Trujillo et al.'s two most distant KBOs were at 48.57 and 48.626 AU; ours were at 50.97 AE 0.02 and 52.53 AE 0.07 AU. While we initially thought that these facts suggested a greater sensitivity of our survey to more distant, slowly moving objects, this conclusion is not borne out by statistical tests. The Kolmogorov-Smirnov test returns a K-S statistic D of 0.089. (If the two data sets were identical, D = 0.0.) The probability of D being as large as 0.089 purely by chance is 92%, so we can draw no firm conclusions from the apparent differences of the two distributions in Figure 14 .
It is certain that large numbers of KBOs exist at distances well beyond those that can be probed effectively with current instrumentation. Both objects found beyond 50 AU in our survey are members of the scattered disk. Objects in this category are in highly eccentric orbits, which take them in many cases to distances measured in hundreds of AU. KBOs in the scattered disk spend a small fraction of their orbital periods in the zone where we can currently detect them. Hence, the few scattered-disk objects that have been discovered require the existence of a very much greater population that cannot currently be detected. The challenge that confronts us today is to push forward as rapidly as we can with the exploration of the portion of the Kuiper belt that is accessible, while we build more appropriate instrumentation and devise better search strategies to push the frontier steadily outward.
The theoretical prediction of the Kuiper belt (Duncan et al. 1988; Fernández 1980 ) was based on (1) the fact that the short-period comets have only small orbital inclinations, and (2) perturbations from Neptune and subsequently the other giant planets tend not to change the orbital inclination of the perturbed body (Duncan et al. 1988) . Hence, if the Kuiper belt is indeed the source of the short-period comets, we would expect the inclination distributions of these two populations to be similar. Some difference between the inclination distribution of the short-period comets and that for the total population of KBOs would be caused by the different efficiencies in the perturbation of KBOs for different dynamical classes into cometary orbits (i.e., we would expect that the resonant KBOs would be underrepresented as parents of the short-period comets and the scattered KBOs would be overrepresented). Nevertheless, the similar appearance of the two inclination distributions in Figure 13 , at least to the statistical accuracy of our survey, is a striking confirmation of the theoretical prediction of the Kuiper belt.
Two other investigations of KBO inclinations-one by and another by Brown (2001) -have used somewhat different approaches to investigate the inclination distribution. determined the detection frequency of KBOs at ecliptic latitudes of 10 and 20 and used these measured values to determine the model parameters for Gaussian and uniform distributions of KBO inclinations with a maximum likelihood technique. Our KBO inclination distribution in Figure 13 appears to be neither a Gaussian nor a uniform distribution of inclinations, and we have not used our survey results to derive model parameters for such distributions.
Brown (2001), on the other hand, noted that one can derive the inclination distribution for KBOs by using only those detected on the ecliptic, without the need of knowing the search fields for which no KBOs were found. He applied this method to the 143 KBOs in the MPC database on 2000 October 1 that were discovered within 0=5 of the ecliptic. His approach permits the use of a much larger sample of objects, and it differs from ours in three other ways as well. First, Brown (2001) did not remove those KBOs observed only over a few days interval, which can have large inclination errors (see Table 3 ) and potentially bias the results by contaminating the sample with too many high-inclination objects. Brown noted that, for objects recovered at a second opposition, '' the revised inclination has differed from the initial inclination estimate by more than 3 only 4% of the time. '' This is likely an underestimate of the contamination of his sample, since it does not include objects that were not recovered at later oppositions. Taken as a group, these lost objects likely have larger errors in their initial orbits than those recovered at later oppositions. We did not carry out a similar test for our objects, but we note for our designated KBOs in Table 3 that seven of 61 (11%) have formal errors in their inclination greater than 3
. Hence there is certainly a random error introduced into Brown's (2001) inclination distributions due to this sample contamination, and perhaps a systematic error as well. The systematic effect arises because the errors in the initial inclinations tend to bias them to larger values-note that most of the lines connecting the initial to final inclinations ( from diamonds to squares) are either flat or slope downward in Brown's (2001) Figure 2 .
Second, for Brown's (2001) method to be rigorously correct when he applied it to those KBO's discovered within 0=5 of the ecliptic, the search field for each discovery should have been centered on the ecliptic and have extended at least AE0=5 above and below the ecliptic. We know this was not the case for all (or perhaps any) of the KBOs used in his sample. This effect would be most pronounced on the objects with the smallest inclinations, and it may or may not be significant.
The third difference between Brown's (2001) approach (in his analysis of the entire sample of 379 objects) and ours is that he assumed that the inclination distribution function for each dynamical class (classical, Plutinos, and scattered) is well described by a dual-Gaussian distribution function, while we have made no assumptions about the shape of the distribution function. Inspection of his Figure 1b shows too many objects on the high-inclination (low-probability) tail of his dual-Gaussian (which may just be the effects of highinclination contamination discussed above, or it may be indicative of a component not well described by a dualGaussian distribution).
In order to compare our inclination distribution with Brown's (2001) results, we have constructed an inclination distribution for the sample of KBOs used in our analysis for the Gaussian parameters given in his Table  1 . This distribution is plotted as the upper dashed line in Figure 13 , which agrees with our points within the error bars. A distinctive feature of Brown's (2001) distribution compared with that of the short-period comets is a dip between the two peaks at 2=5 and 13 , a hint of which appears in our distribution as well. It will be interesting to see whether this feature becomes more distinct (or disappears) in our inclination distribution as the statistics of our survey improve to the point where we can test Brown's dual-Gaussian assumption.
Plans for Future Observations
In the future, we will extend the Deep Ecliptic Survey to the full feasible range of ecliptic longitudes. Observations will be continued at Kitt Peak but also will be extended to the Blanco Telescope at Cerro Tololo Inter-American Observatory, which was recently equipped with a Mosaic camera essentially identical to the one at KPNO. Observations from CTIO will permit better coverage of those portions of the ecliptic falling at the most southerly declinations.
Increasing attention necessarily will be devoted to followup astrometry of previously discovered KBOs and Centaurs. As has been demonstrated in this paper, continued astrometric attention is essential to the determination of accurate orbits and such orbits are necessary not only to assure future recovery of the KBOs but also to the understanding of the dynamics of these objects. However, increasing emphasis on follow-up observations may not greatly decrease the rate at which new objects are discovered. An exposure targeted to recover an object discovered an apparition earlier is just as likely to contain a new KBO as any other spot one might choose to search.
Another goal of our continued survey will be to decrease further the time between the completion of a pair of exposures of a given field and identification of all moving objects within that field. While extreme haste in this process is not essential to the identification and recovery of KBOs, it is important to the retention of certain other classes of objects, such as NEOs, Trojans, and some Centaurs. Moreover, we have sometimes seen in our data objects moving in unexpected ways (e.g., the slowly moving prograde object in Fig.  3 ). Rapid detection would permit these objects to be recovered and followed rather than to become quickly lost, as is currently the case.
8. CONCLUSIONS 1. We have developed observational and analytical techniques that allow the discovery of 10-15 Kuiper belt objects and Centaurs per clear night of good seeing with the Mosaic camera on the 4 m telescope at Kitt Peak National Observatory.
2. We have demonstrated that the distance and orbital inclination of newly discovered KBOs can ordinarily be accurately determined from a few observations within a single apparition. Accurate determination of semimajor axis and eccentricity often requires observations from two or more apparitions.
3. Essentially all KBOs with well-determined semimajor axes inside 41 AU found in our survey appear to be in either the 4 : 3 or 3 : 2 mean motion resonance with Neptune. KBOs in our sample with well determined semimajor axes between 41 and 46 AU have orbits of relatively low inclination and eccentricity, while beyond a = 46 AU, KBOs tend to be in orbits of relatively large orbital inclination and eccentricity.
4. Within the uncertainties imposed by our sample size, the observed inclination distribution of KBOs (averaged over all dynamical types) is similar to that of the shortperiod comets and is totally inconsistent with a random sample of orbital inclinations drawn from a uniform distribution.
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